PHYSICAL REVIEW LETTERS
The observation of edge magnetoplasmons (EMP's) was one of the most unexpected and intriguing discoveries in the physics of the two-dimensional (2D) electron gas [1, 2] . In this collective mode the charge density fluctuation 6n exists only close to the boundary of the electron sheet within a narrow strip of thickness d~, decreasing with the magnetic field B applied normal to the system. The characteristic property of the EMP is that its frequency decreases with increasing magnetic field as 1/B [3, 4] . For 2D electron systems in the quantum Hall effect (QHE) regime [5] boundary phenomena are of extreme importance, because all electrical transport is confined to the so-called edge channels [6] . EMP's form the lowest-energy excitations of such 2D systems. Therefore there is considerable current interest in using EMP spectroscopy to investigate fundamental issues regarding the (fractional) QHE [7, 8] . Basically, however, EMP's are an entirely classical phenomenon and can be investigated in the nondegenerate two-dimensional electron system on liquid helium [1, 2, 9] .
Recently, several novel types of edge excitations have been predicted theoretically.
Some of them are directly related to the quantum edge channels [8, 10] ; others are classical and exist when the density profile at the edge is smooth [11, 12] , varying over a length scale d. The theory of Ref. [12] deals with strong magnetic fields (dti «d) and leads to an acoustic spectrum coI(q) to~(q) = szq, s~= 2e n, /j (emto, ), j = 1, 2, . . . , (1) which is lower than the conventional EMP spectrum by a logarithmic factor ln(1/qd) (n, is the 2D electron density, e the permittivity, m the electron mass, and~, the cyclotron frequency). The magnetic field dependence, co,~1/B, is distinctly different from that of the acoustic modes predicted in the low-magnetic-field limit (dz » d) in Ref. [11] [11] and [12] . Therefore an alternative concept is discussed, which assumes a coupling between edge magnetoplasmons and oscillations of the boundary of the electron pool. [11] .
Data at higher fields are shown in Fig. 3 . Typically, the ratio dp/d -0. In the following analysis we assume the electrons occupy the half-plane, y ( 0, so that the linear density of the total charge accumulated near the edge, Q = f 6n dy, can be described by a plane wave, Q~exp( -idiot~i qx), propagating along the boundary in the direction dependent on the sign of the z component of the magnetic field [3, 4] . In the acoustic edge mode j predicted in Ref. [12] , the EMP charge density changes its sign j times in the direction perpendicular to the boundary, which partially screens the electric field perturbation outside the strip and decreases the frequency of the excitations. The analogous effect of screening can be produced by the displacement g(x, t) of the nonrigid boundary of the 2D electron pool from its equilibrium position. In this case the density profile at the edge n = no(y -g). In the simplest model, neglecting screening by the metal plates, the electric potential 4'(y) produced by both the density oscillation Q and the oscillation of the boundary $ at large distances, Iyl » dpi, and the potential at the edge iIi(0) can be written as (see the analogous expressions in Refs. [4] and [13] The real 2D electron liquid on helium is not incompressible and we should consider the possibility of coupling between EMP's and boundary oscillations. The decrease of the energy of the excitations can be easily seen in a very simple and direct way, by slightly modifying the approach of Ref. [13] to take into account boundary displacements.
In this treatment the continuity equation written in the integral form [13] , as- cut-~2oy, q ln(1/qd).
We can see the effect of coupling by considering the inand out-of-phase oscillations of g and Q. The spectrum of in-phase oscillations (sgn(en, g) = sgn(Q)) in the limit of strong magnetic fields is independent of the ratio of Q to en, g. This mode we attribute to the conventional easily excited resonances, and will still call it the EMP.
In low magnetic fields (dii » d) the boundary oscillations are faster (co~) su~) by a logarithmic factor, which means that density oscillation might be screened by antiphase motion of the boundary: sgn(en, s) = -sgn(Q).
This case is sketched in Fig. 4 
